ABSTRACT CONTEXT AND OBJECTIVE: Previous studies have suggested that the occurrence of pregnancy concomitantly with a diagnosis of breast cancer may affect the evolution of the neoplasia. The present study aimed to compare pregnancy-associated breast cancer (PABC) patients with non-pregnant cancer patients (controls) in relation to the time taken to diagnose the disease, tumor characteristics and mortality.
INTRODUCTION
Conventionally, breast cancer is classified as pregnancy-associated breast cancer (PABC) when the disease is diagnosed during pregnancy or up to one year after parturition. 1 In the United States, breast cancer is diagnosed in one in every 3,000 to 10,000 pregnant women, resulting in some 3,500 new cases annually. 1 In Canada, the incidence of PABC is somewhat higher (1 case in 1,500 to 4,000 pregnant women). 2 According to DiFronzo and O'Connell, 3 breast cancer affects between 0.2 and 3.8% of all pregnant women, an incidence that is apparently increasing as a result of delayed pregnancy (later than 30 years of age) 2 and higher levels of detection (by means of mammography) of breast cancer in younger women. 1, 4 One of the earliest suggestions of an association between pregnancy and unfavorable evolution of breast cancer was published by White in 1954, who noted that less than 20% of pregnant women who developed carcinoma of the breast survived for more than five years following diagnosis. 5 A number of subsequent studies have provided evidence supporting this pessimistic prognosis for PABC patients. Ishida et al. 6 concluded that delayed diagnosis and treatment, together with a more aggressive condition, were responsible for the poor prognosis among pregnant or lactating women suffering from breast cancer. The deleterious effect of pregnancy on the prognosis of women diagnosed with neoplasia has been confirmed even when axillary lymph node involvement and treatment of the primary tumor are taken into consideration. 7 Additionally, multivariate analysis carried out on data obtained from PABC patients in a multicenter study has revealed that when cancer is diagnosed during pregnancy or the postpartum period, the prognosis for the patient is pessimistic. 8 A recent population-based study involving a large number of patients has substantiated the negative prognosis for women suffering from PABC. 9 In contrast to the above, several studies have been unable to confirm any association between prognosis and pregnancy in PABC patients. Petrek et al. 10 investigated axillary lymph node involvement and pregnancy as possible predictive factors for the development of breast cancer in pregnant and non-pregnant women of the same age range, each in various stages of the disease. Only axillary lymph node involvement was decisive for the prognosis of the disease outcome and, when the stage of the illness was taken into consideration, there were no significant differences between the two groups. Similarly, no differences were found with regard to the median and overall survival rates between a group of pregnant women diagnosed with breast cancer and non-pregnant women in the same condition. 11 Considering the relevance of the subject and the lack of information relating to Brazilian patients suffering from PABC, we undertook a retrospective study from which the results are reported in this paper.
OBJECTIVE
The objective of this study was to compare pregnancy-associated breast cancer (PABC) patients with non-pregnant patients presenting breast cancer (controls), in relation to the time taken to diagnose the disease, the tumor characteristics and mortality.
METHODS

Type of study
This paired case-control study consisted of a retrospective, longitudinal analysis on two groups of women suffering from breast cancer. The PABC group consisted of patients diagnosed either during pregnancy or up to 12 months after parturition or abortion, while the control group consisted of women with similar characteristics but with no recent history (within 12 months) of pregnancy or parturition at the time when the symptoms emerged or when the diagnosis was reached.
Setting
The study covered the period between January 1980 and December 2000 at the Immunotherapy and Antiblastic Chemotherapy Center (Centro de Quimioterapia Antiblástica e Imunoterapia; CQAI) and the Clinical Oncology Service, Hospital da Santa Casa de Misericórdia, in Belo Horizonte, Minas Gerais, Brazil. Details of the project were presented to, and approved by, the Ethics Committee of Hospital da Santa Casa de Misericórdia prior to commencing the study.
Sample
Data on 1,521 women (≤ 45 years old) diagnosed with breast cancer at the Clinical Oncology Service were obtained from medical records kept at the Oncological Research and Study Center of Minas Gerais (Centro de Estudos e Pesquisas Oncológicas de Minas Gerais; CEOMG). The PABC (n = 87) and control (n = 252) patients were classified according to the institution at which the patient had been registered, the date of registration and the individual's age. Each PABC patient was matched with corresponding control patients in accordance with the following criteria: (i) registration in the same institution, (ii) similar age (within two years), and (iii) similar registration year (within two years). For cases in which more than three control patients matched a single PABC patient, selection was based on the closest registration date.
Following identification of the total PABC population (n = 93), an overall sample size was calculated assuming that all study variables contained a maximum of three categories (≤ 2 degrees of freedom) and that the objective was to measure a mean effect to be detected statistically, with a significance level of 5% and a power of detection ≥ 80%. The calculations indicated that the total number of patients should be within the range of 200 to 250, according to Cohen's effect size conventions. 12 In practice, a larger number of controls was selected (three for each PABC patient) as a precaution against any need to exclude some of the individuals. Thus, 372 patients were available for the study. However, the final population selected (n = 339) ensured that the power of the statistical tests for detecting a mean effect (at the 5% significance level) was approximately 90%. 12 
Main measurements
The covariables identified from the patients' medical records that could potentially be associated with disease prognosis included grade of malignancy, tumor histology, size of the primary tumor, axillary lymph node involvement, presence of distant metastasis, hormone (estrogen or progesterone) receptor status, interval between first symptoms and diagnosing of cancer, and interval between diagnosis and first treatment. The variable used to assess the prognosis was the overall length of survival, which was defined as the interval between diagnosing the breast cancer and the patient's death (or the date of the last information obtained).
Statistical analysis
The overall survival functions of the two groups of patients were analyzed in accordance with the Kaplan-Meier method and compared using the Mantel-Cox log rank method. The evaluation of covariables followed the methodology described by George, 13 and was based on univariate analysis that aimed to identify the covariables that were individually related to the prognosis. Covariables were considered to be significantly associated with the prognosis when the differences between the two groups presented a P value ≤ 0.20 (χ 2 test). Potentially important factors were included in a Cox multivariate proportional hazard regression model that was constructed with the objective of identifying the covariables that independently influenced the prognosis. Statistical analyses were performed using Epi-Info (version 3. 
RESULTS
Patients' characteristics
Out of the total of 1,521 women (≤ 45 years old) suffering from breast cancer, 93 PABC patients (6.1%) were identified. On the basis of matching criteria, 252 women were selected as controls. Of the PABC patients, six (6.45%) could not be matched with any of the controls (and thus were omitted from the study), one was matched with a single control, seven were matched with two controls each, whilst the remainder (79 women) were matched with three controls each. Table 1 presents the distribution of patients according to the covariables selected as having potential associations with disease prognosis. Data on the covariables were available for more than 90% of the PABC and control individuals, with the exception of those relating to grade of malignancy and hormone receptor status ( Table 1) . Lack of information on any of the covariables can negatively affect the quality of a prognosis study, 13 although it is generally agreed that a maximum of 20% of cases with incomplete data is acceptable. In the present study, however, more than 20% of cases were deficient with regard to data relating to the grade of malignancy and hormone receptor status. Since there were no significant differences (as indicated by P values > 0.05) between the PABC and control groups (either including or excluding the cases with missing data) in relation to the grade of malignancy and hormone receptor status, we chose to include these two covariables in the statistical analysis and to examine the cases with incomplete data separately.
The PABC group presented significant differences in comparison with the control group, in relation to primary tumor size, axillary lymph node involvement, presence of distant metastasis and duration of symptoms before diagnosis. Information was unavailable concerning disease outcome for 26.3% (89/339) of the remaining individuals involved in the study, including 24.1% (21/87) of the PABC group and 26.9% (68/252) of the control group. Nine PABC patients and 18 control patients entered the terminal phase during hospitalization and were discharged at the request of their families, a practice that was common in the 1980s and the early part of the 1990s. Attempts to obtain information concerning the fate of these patients generated anxiety among family members, and hence we considered that these patients died on the date of the last information registered. Thus, it may be assumed that 73.6% (64/87) of the PABC group and 59.1% (149/252) of the control group died as a consequence of breast cancer: the difference in these values was statistically significant, as indicated by the χ 2 test (P < 0.05). Among the remaining 62 patients (18.2%; 62/339) whose outcomes were unknown, 21 were followed up for a period ≥ 60 months (including eight who were followed up for ≥ 120 months). On this basis, information on 41 patients (12.1%) who were followed up for a period of < 60 months was considered to be missing data. This situation imposed some difficulties on prognosis analysis and, in order to overcome the problem, patients discharged from hospital whose outcomes were unknown were classified as "missing/gravely ill". The data on these patients were analyzed assuming that this classification represented either death or censored data (i.e. losses from the sample before the final outcome was observed).
Overall survival
The Kaplan-Meier survival estimator function was applied to data derived from all of the 339 patients studied, and the data in the missing/ gravely ill category were considered either to represent cases of death or censored data. The results obtained are summarized in Table 2 . Classification of missing/gravely ill data as being equivalent to an outcome of death resulted in a worse prognosis than when such data were classified as censored. However, irrespective of the classification used, the difference in overall survival between the PABC and control groups was highly significant, as shown by the P value of 0.005 calculated according to the Mantel-Cox log rank method. It is likely that values intermediate between the two sets of results shown in Table 2 would have been obtained from the analysis, had all data been available. In order to simplify the treatment of the results, we chose to classify missing/gravely ill data as equivalent to death in subsequent analyses. As can be seen from Figure 1 , the median overall survival of the PABC group was 30.1 months (95% confidence interval, CI = 19.4-40.9 months), while that of the control group was 53.1 months (95% CI = 35.1-71.0 months). Overall survival within a five-year period was 29.7% for the PABC group and 47.3% for the control group, while within a 10-year period, the overall survival rates were 19.2 and 34.8%, respectively. These results clearly demonstrate that the overall survival of patients with breast cancer was significantly lower (P = 0.005) when this condition was associated with pregnancy.
Prognostic factor analysis
In order to investigate whether the difference demonstrated between the overall survival of patients was in fact a consequence of pregnancy and not influenced by concomitant confounding factors, prognostic factor analysis was performed. Univariate analysis revealed that the critical covariables influencing prognosis (P ≤ 0.20, as determined by the MantelCox log rank method) were the tumor histology (P = 0.004), size of the primary tumor (P = 0.057), distant metastasis (P = 0.022), grade of malignancy (P = 0.005), hormone receptor status (P = 0.003) and interval between first symptoms and diagnosing of cancer (P = 0.009).
The contributions of the covariables and pregnancy to the patients' overall survival was analyzed in accordance with the Cox regression method and the results are presented in Table 3 . The factors independently associated with overall survival were the size of the primary tumor, distant metastasis, grade of malignancy and pregnancy. Thus, pregnancy significantly reduced the overall survival of young women (aged ≤ 45 years) with breast cancer, independent of other factors.
In order to determine whether prognosis was associated with the time at which cancer was diagnosed, the overall survival functions were plotted in relation to three subgroups of PABC patients according to the following models: (i) diagnosis during pregnancy versus diagnosis 0-6 months after parturition versus diagnosis 6-12 months after parturition ( Figure 2) ; and (ii) diagnosis during pregnancy or 0-6 months after parturition versus diagnosis 6-12 months after parturition (Figure 3) . No significant differences were found between these two models, thus indicating that the date of diagnosing the cancer in relation to parturition did not significantly influence the prognosis.
DISCUSSION
It became clear during the design phase of this project that multivariate analysis on prognostic factors in a paired-case control study would be a powerful tool through which to evaluate the interdependency of the different covariables. Hence, following published methodology, 6, 8, 11 the PABC patients were matched with corresponding controls based on the institution of registration, year of registration and patient's age (± two years). The year of registration was used as the criterion for the purpose of obtaining uniformity regarding the type of diagnostic tests, classification systems and treatment. Indeed, the date of confirmation of diagnosis, as provided by the anatomopathological test, was close to the date of registration at the institution. Thus, it was a precise figure that could be obtained from the medical records.
The proportional hazard regression model proposed by Cox is often used when the outcome of an event corresponds to a time interval and when some data are censored. This method is considered valid and is in agreement with more complex methods of analysis, as long as the number of covariables is less than 10% of the number of events. Within the population of 339 women studied, the number of death events was 213 (62.8% of the initial population), while the number of covariables was 8. Hence, the level of agreement between the predictable and observable values should be 96.5%. 14 In the present study, a pessimistic prognosis for the overall survival of PABC patients, compared with the control patients, was demonstrated. As early as 1943, Haagensen 15 had reported that breast carcinoma that developed during pregnancy or during the lactating phase tended to be so malignant that surgery could not be recommended as part of the therapy. Although the study was based on the outcomes of just 20 patients, all of whom died as a consequence of neoplasia, and despite the author's subsequent reconsideration of his opinion, the concept of the inoperability of PABC patients prevailed for many years. 15 Following a review of 700 PABC cases (some dating back to 1880), White 5 concluded that the prognosis for such patients was worse than for their non-pregnant counterparts and that this was mainly attributable to delayed diagnosis and treatment. Petrek et al. 10 used logistic regression analysis to investigate axillary lymph node involvement and pregnancy as possible predictive factors for the emergence of breast cancer in 56 PABC patients in various stages of the disease. Although these authors found that only axillary lymph node involvement was decisive for the prognosis of the outcome, they reported that delayed diagnosis during pregnancy or postpartum resulted in advanced breast cancer. Delayed diagnosis and treatment, together with a more aggressive condition, were considered by Ishida et al. 6 to be responsible for the poor prognosis presented by 192 patients diagnosed with breast cancer during pregnancy or up to two years after parturition, in comparison with 191 non-pregnant and non-lactating breast cancer patients of approximately the same age. These authors found that the incidence of axillary lymph node involvement and negative hormone receptor status was higher amongst pregnant and lactating women than among controls, although the lack of multivariate analysis precluded determining the relative contribution of each of these factors. A recent study conducted by Rodriguez et al., 9 involving 797 PABC patients and 4,177 controls, concluded that pregnancy significantly (P = 0.046) worsened the prognosis for breast cancer, even when other factors were taken into consideration.
Most investigations concerned with the overall survival of PABC patients have concluded that the prognosis for such patients is more pessimistic than for non-pregnant patients. One simple explanation for this is that pregnancy is characterized by increased estrogen concentration in the body, which is a well-known breast cancer-promoting factor. Other explanations relate to causes that are not so obvious. A randomized prospective clinical experiment would clarify this matter, since the influence of unknown confounding factors would be normalized. However, since such an experiment would be impracticable, case-control studies are the best available evaluation method.
A number of case-control studies on PABC patients have been published over the last decade or so. Bonnier et al. 8 studied 154 PABC patients who were diagnosed with cancer either during pregnancy or no more than six months after parturition, and 308 control patients with breast cancer that was not associated with pregnancy or the postpartum period, all of whom had been registered in 23 French institutions during the period 1960-1993. The PABC group was matched to the control group in the proportions of 1:2, according to age and date of commencing the treatment. Multivariate analysis (using the Cox regression method) revealed that tumor size (≤ 3.0 cm versus > 3.0 cm), axillary lymph node involvement (0 versus 1-3 versus ≥ 4) and age (≤ 33 years versus > 33 years) each exerted an independent and significant influence on overall survival and on the emergence of metastasis. In contrast, Ibrahim et al. 11 investigated 72 PABC patients together with their matching controls (216 non-pregnant women in the same condition), who were selected according to disease stage, year of diagnosis and age. Only disease stage was identified as significant with regard to overall survival according to the Cox model.
In the present study, the independent influence of the covariables of interval between first symptoms and diagnosis, tumor histology, size of primary tumor, distant metastasis, grade of malignancy, hormone receptor status and axillary lymph node involvement and the influence of the pregnancy variable on the patients' overall survival were investigated. Overall survival was independently associated with primary tumor size, grade of malignancy, distant metastasis and pregnancy. The interval between first symptoms and diagnosis and the interval between diagnosis and first treatment had no significant influence on the prognosis, and hence, the hypothesis that delayed diagnosis and treatment is a cause of pessimistic prognosis could not be confirmed.
Some authors have attributed the pessimistic prognosis for PABC women to the difficulties in diagnosing cancer in this group of patients. 5, 10 In fact, the diagnosis of breast cancer in patients younger than 40 years is more difficult because of the characteristics of mammary tissue at this age. 16 Additionally, in spite of the dissimilar criteria used for patient selection and the somewhat conflicting results, a number of reports 6, 8, 11 have suggested that the interval between cancer diagnosis and partum could be an important factor for prognosis and overall survival. Thus, on the basis of a retrospective study involving 407 women aged 20-29 years who were diagnosed with cancer during pregnancy or with a history of pregnancy (no limitation of time) prior to diagnosis, Guinee et al. 7 proposed that the shorter the interval between pregnancy and the diagnosing of cancer was, the more negative the prognosis would be. Moreover, following a population-based study involving 4,299 women (20-54 years old) who had been diagnosed with breast cancer, Whiteman et al. 17 also concluded that the shorter the interval between diagnosing the cancer and the last partum was, the worse the prognosis of the disease was.
However, the findings reported in the present paper do not support this hypothesis, as can be seen from Figures 2 and 3 . In contrast to the earlier investigation, the present study included only patients whose pregnancy occurred up to a maximum of 12 months prior to diagnosing the cancer. Perhaps the difference between the results from these two groups was not large enough to be detected by the tests used. For this reason, no unambiguous conclusion can be drawn from the present results regarding this point.
CONCLUSIONS
Since many of the studies conducted so far have reported divergent results, it is clear that the factors associated with the overall survival and prognosis for PABC patients require further investigation. However, it may be concluded from the present study that the overall survival of PABC patients is significantly lower than for other patients suffering from breast cancer, and that pregnancy is a factor associated with a pessimistic prognosis, independent of other concomitant factors.
